Stimulation of mitochondrial gene expression and proliferation of mitochondria following impairment of cellular energy transfer by inhibition of the phosphocreatine circuit in rat hearts.
Mitochondria proliferate when cellular energy demand increases. However, the pathways leading to enhanced expression of mitochondrial genes are largely unknown. We tested the hypothesis that an altered flux through energy metabolism is the key regulatory event by decreasing mitochondrial energy supply to rat heart cells by creatine depletion. Electron microscopy showed that the density of mitochondria increased by 75% in such hearts (p < 0.01). Levels of representative mRNAs encoded on mitochondrial DNA (mtDNA) or on nuclear chromosomes were elevated 1.5 to 2-fold (p < 0.05), while the mtDNA content was unchanged. The mRNA for the nuclear encoded mitochondrial transcription factor A (mtTFA) was increased after GPA feeding (p < 0.05). Thus, we have shown that an impairment of mitochondrial energy supply causes stimulation of gene expression resulting in mitochondrial proliferation, probably as a compensatory mechanism. The observed activation of the mtTFA gene corroborates the important function of this protein in nuclear-mitochondrial communication.